This study was carried out to determine the osteometric features of the skull by using three dimensional computed tomography images in gazelles (Gazelle subgutturosa). In the study, nine skull samples of adult gazelles (Gazella subgutturosa) were used. Images of the skull sections of 0.625 mm thickness were acquired by using a computer tomography device with 64 detectors applying 80 kV, 200 mA and 639 mGY. Three-dimensional images of the skull samples were reconstructed and morphometric measurements (39 linear, 1 volumetric and 1 surface area) were performed by using the software program MIMICS 12.1. Mean skull volumes in males and females were found to be 115.74±2.43 cm 3 and 87.69±1.09 cm 3 while the mean skull surface areas in males and females were 79.62±8.56 cm 2 and 77.34±1.18 cm 2 , respectively. Significant differences between males and females for median frontal length (MFL), frontal length (FRL), upper neurocranium length (UNCL), greatest length of the lacrimal bone (GLLB), oral palatal length (OPL), length of the upper molar row (LUMR) and the greatest neurocranium breadth (GNCB) were observed. The difference in the cranial index between males and females was statistically significant (P<0.01). The data obtained in this study will contribute to detect differences between the gazelles and other species with respect to skull morphometry.
Introduction
Even among the closely related species, there are apparent differences in the skeletal systems. These differences are crucial for taxonomic classification of species and for evaluation of the archaeological or forensic findings (26) . Skull is the most studied bone for reconstructing the evolutional taxonomy. However, the assignment of the species based on skull characteristics is difficult due to variation within species (1) . Knowledge of cranial morphometry is also important for the diagnosis of cranial or dental deformities for designing implants or dental instruments (26, 27) . Three different techniques have been used for obtaining osteometric parameters. The first is the measurement of bones obtained from archaeological excavations or after maceration by using a compass (23) . The second is the evaluation of the radiological images from the target region (16) . The third one is the measurement of the images obtained by using computer tomography (CT), which is a recently more frequently used technique (27) . Images of two-dimensional sections from CT are compiled to reconstruct a three dimensional (3D) image using special software programs (10, 22) . The 3D modeling technique is widely employed in plastic surgery, orthopedic surgery, neurosurgery, traumatology and medical education (17) .
Gazella is one of the most species-rich genus comprising numerous species within Bovidae (1) . Gazelles in Sanliurfa belongs to Gazella subgutturosa, which has a wide distribution area ranging from China to North Africa. Since the second half of 20 th -century number of the gazelles have rapidly declined due to human activities including habitat destruction, expansion of the agricultural areas, hunting, etc. (19) .
Several morphometric studies have been performed for establishing a comprehensive and reliable database in gazelles (1, 9, 31) . The objective of this study was to morphometrically analyze the skulls of gazelles by using the CT images in order to provide species specific data that can be used by veterinary clinicians for managing pathological formations on the skull.
Material and Methods
Animal material: In the study nine cadavers (5 females and 4 males) of adult gazelles were used. Body weights of the cadavers were among 11.4 -18.1 kg. The cadavers were submitted to the clinics of Harran University Animal Hospital in Sanliurfa province of Turkey for treatment yet died for various reasons. The animals had no clinical or pathological skull problems. The use of the cadavers was approved by the General Directorate of Nature Conservation and National Parks-Turkey (Approval no: 2017/209842) and Harran University Animal Experimentation Local Ethics Committee (Approval no: 2018/006-11).
CT-Imaging, reconstruction and morphometric analysis: For obtaining the CT images the gazelle cadavers were placed on a sternal position into a CT device with 64 detectors (GE Company, USA) . Images of the skull sections of 0.625 mm thickness were acquired by applying 80 kV, 200 mA, and 639 mGY. The CT images were stored in DICOM format and the 3D skull images were reconstructed using the basic module of the 3D modeling program MIMICS 20.1 (The Materialise Group, Leuven, Belgium). Osteometric measurements on the digital images were performed for 39 different parameters according to the measurement points reported in the literature (25, 29) . Definitions and the abbreviations of the studied parameters were shown in Table 1 . After morphometric measurements, volume and surface area of the skulls were estimated by excluding the horns and mandible. Further 6 different indices were calculated based on the craniometric measurements ( Table 2 ). The definitions were based on Nomina Anatomica Veterinaria (20) .
Statistical analysis: All morphometric parameters were expressed as Mean ± Standard Error (SE). The presence of significant differences between sexes was examined by using the Mann-Whitney U test. For statistical analyses SPSS, 17.0 was used.
Results
In this study, 39 linear parameters of the skull were measured (Figure 1-4) . The mean ± standard error values for each parameter in males and females were shown in Table 3 . Statistically significant differences (P<0.05) between males and females for MFL (median frontal length), FRL (frontal length), UNCL (upper neurocranium length), GLLB (greatest length of the lacrimal bone), OPL (oral palatal length), LUMR (length of the upper molar row) and GNCB (greatest neuro-cranium breadth) were observed.
Furthermore, cranial volume values in males and females were detected to be 115.74±2.43 cm 3 and 87.69±1.09 cm 3 , respectively. The cranial surface area in males and females was 79.62±8.56 cm 2 and 77.34±1.18 cm 2 , respectively ( Table 4 ). The difference in mean cranial volume between males and females was significant while there was no difference in cranial surface area between sexes. Data on the skull indices have been shown in (Table  5) . A statistically significant difference between males and females was observed only for cranial index values. (26)). 
Studied indexes Formulas

Discussion and Conclusion
Craniometric analyses have been used to differentiate species within the same genus and to investigate morphological variations within species. Several reports on craniometric measurements using traditional methods (the help of scale and digital calipers) in gazelles are found in the literature (7, 31) . This study presents for the first time morphometric and volumetric measurements of the skull in gazelles by using threedimensional CT images. Due to the lack of data on CT based measurements in gazelles, data obtained from different gazelle species by traditional methods or data obtained from sheep and goats were used for comparison.
Due to remarkable morphological variations both among gazelle species and among individuals within the same species, assigning an individual to a certain species might be difficult (28) . Therefore, more data are required for assessing the morphometric variation within the species. On the other hand, craniofacial index parameters are also necessary for examining craniofacial deformities and investigating brain development (13) . Zhu (31) has reported the skull index by examining the craniometrics values of Tibetan gazelle as 43.22±0.44 mm, cranial index as 58.37±0.80 mm and facial index as 116.37±1.24 mm. The facial index value found in the present study (47.45±2.92 mm) was lower than that reported by Zhu (31) . The difference might be attributed to the use of different species and methods.
The orbital region plays an important role in craniofacial measurements, forensic processes and differential diagnosis (8) . A tubular shape of orbita was observed in gazelles in the present study. The orbita can have a different shapes depending on the species and the breed of the same species. It has been reported that orbita has the shape of almond in Spanish Xisqueta sheep (24) while it has an oval shape in Mehreban sheep of Iran (14) . Even a bilateral variation between the right and left orbitas in Kagani goats (Capra hircus) has been reported (12) . In accordance with the present study Leslie (18) , has reported a similar shape of orbita in Procapra picticaudata. Similar to our findings Parés-Casanova et al. (24) have reported an orbital index value of 97.27±1.12 mm and 94.61±3.15 mm in female and male Spanish Xisqueta sheep respectively.
Mean breadth and height of foramen magnum in the gazelles were measured as 16.28±0.36 mm and 15.03±0.32 mm respectively and foramen magnum index was 92.84±3.35 mm. These values were lower than those found in sheep (21) and goats (15) . Similar to those reported in sheep and goats (15, 21) the horizontal diameter of the foramen magnum was longer than its vertical diameter in the gazelles.
Sexual dimorphism is common among mammals and has been an important evolutionary factor in social ecology (5) . The effect of sex on bone morphology has been intensively studied in humans (2) goats (6) and wild sheep (11) . However, the limited number of studies on the effect of sex on bone morphology in gazelles have been conducted (30) . In the present study, significant differences between males and females were observed for MFL (median frontal length), FRL (frontal length), UNCL (upper neurocranium length), GLLB (greatest length of the lacrimal bone), OPL (oral palatal length), LUMR (length of the upper molar row) and GNCB (greatest neurocranium breadth).
Conventional radiological methods used for assessing the skull volume employ two-dimensional measurements. Computer tomography based methods present a more precise and noninvasive way for estimating in vivo skull volume (3) . Mean skull volumes in females and males were detected as 87.69±1.09 cm 3 and 115.74±2.43 cm 3 , respectively. In contrast to the findings in this study, Chanpanitkitchote et al. (4) have reported a skull volume of Grant's gazelles (Nanger granti) as 1016±11 cm 3 . The differences in the morphometric values between the species have been attributed to inclusion or exclusion of mandible, horn status of the animal, measurement methods used or live weight of the animal.
In conclusion, new technologies like CT presents opportunities for obtaining comprehensive data on skull morphometry in animals. This study was the first reporting the use of CT for morphometric analysis of the skull in goitered gazelle (Gazella subgutturosa). The data obtained in this study will be useful for not only the evaluation of CT images from facial, cranial of dental deformities but also for determining the sex based on bone morphometry and for taxonomical studies. However further studies are necessary for comparing the data obtained from 3D modeling and actual measurements on skulls by including larger sample size.
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